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et he ot et af ety e of ey chiryd puio et e
sy n 1 A collsions s "= 56 and 120 GeV. For the md e ollons, we i e
Chargepanice pieiorsghlity densy tobe N/dh jn, | = 4086 1261a) 6 30eys)a 56 GV and
5556 12(0x) 6 35(%) 0130 GeV, vakies that are igher than any previou d in miclear
collisions. Compared 1o proson-aniiproton collsions, our data show 4 increase in the prendorspility
density per participunt by more than 40% at the higher energy.

PACS mumbers: 25,75 -

In June 2000, the Relativistic Heavy-lon Collider  Studying the dependence of charged particle densities
(RHIC) at Brookhaven National Laboratory delivered the  on energy and system size provides information on the in
first collisions between Au nuclei at the highest center of  terplay between hard parton.parton scatiering processes,
mass energies achieved in the lboruiory to date. In this  which can be calculated using perurbative QCD, and soft

present data taken with the PHOBOS detector  processes, which are treated by phenomenofogical models
during the first collider run at energies of * Sy = S6and  that describe the nonperturbative sector of QCD. Predic
130 GeV. The ultimate goul of our work is to wnderstard  tions for multipaticle production in high-energy heavy
the behavior of strongly interacting matier at conditions o collisions, obtained from a variety of models, typically
of extreme density and temperature. Quantum chromody-  vary by up to 4 factor of 2 [2]
namics (QUD), the fundamental theory of strang interac In this Letter we repon data for the most central Au 1
tioms, predicts that for sullicieraly high-energy demsity «  Au collisivns detectad in our appuratus. We have de
new state of matter will be formed, the so-called quark.  termined the energy dependence of the density of pri
luon plama (1], The measure here repre mary changed purticles emitted near 90"t the beam axis,
sen the first step toward the development of u full picture  charactenzed by the pidarapidy ety dN/dhi),
of the dynamical evolution of mucleus-nucleus collisions — where h = 2 [ntan(u/2) and u is the polar angle from the
at RHIC energies. ek 115 Tise dus prcvite s S ovenes i somiruln
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R Teng" A. Trzupel

we
Au+ Au collsions a three energies, Sy = 13,6 130, and 200 G, for a rnge of collaon air
» e i

. The nnnversal fragmentation
dorapidity with increasing collision energy, extending
ity and covecing more than half of the presdorapidity range over whi

We have mgsured transverse momentum distribinions of charged hadrons prodiced in d + Au

colliions a1 "S5y = 200 GEV. The specira were obiained for iransvense momenta 0:25 <p 1 <

60 GeV=c. in 4 penkrapulty range of 02 < < 14 in the dexen irection The evobtion of
prosen + col

the :rulrl

5. With

the yi
Cuan ptc donsy, i v e edifcaon of the spetral hape Ths change inspactrl
shape in Ay

than the

he xame energy. The results

provid importa Informiion T diveriminating Seonscn illem e o e soppression of

high-py hulrons observed in Au + Au eolliions.
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The yield of charged hadrons produced in colligions of
dewterons with gokd nucki 3t an energy of "oy =

GeV has been meusured with the PHOBOS detector
a the Relauvistic Heavy fon Collider at Brookhaven
National Laboratory. The data are presented as function
of transverse momentum (pr) and collision centrality.
The goul of these measurements is 10 study the modifica
tion of particle production due (0 initial state effects in
the nuclear medium, i conparison 10 nucleon nucleon
collisions at the same eneryy. Measurements (rom proton
nuclens (p + A) reactions at lower collision energies have

ACS mimbers: 2575 Dw, 2575Ge

collisions at PS5y = 130 and 200 GV, In 1oz colli-
jons, the expected ncalmgufiwlnm production with the
number of binary nucieon-nucleon collisions at 7 of
3270 Gov mt 1 sy witen -0k ool et bt
been predicted as a consequence of the energy loss of
high-py partons in the hot and dense medium formed in
Au + Au collisions [7]. The interpretation of the

data relies on the understanding of initial state effects,
incliding glwon sauruion 1%], which can be m\ungalt«l
with the d + Au data presented here [9] S

surements ure ,qwml in [10-12], By studying the ‘,,«

approach to a universal limiting curve appeansto be a dominant feature of

™
the pieindorapidity distribution anl therefore of the total particle production in these collisions.

DOL 1010V FhysRevLew 91 052303

‘The strong interaction, described by quantum chromo-
dynamics (QCD), may be studied under cond
high parton density and high energy density, using uhra
relativistic heavy ion collisions. The high density regime
of QCD s sensitive 1o nonlinear dynamics and nonper
turbative effects, including parion sauration, the onset of
color deconfinement, ard chiral symmetry restoration
More specifically, the psewdorapidity density of charged
particles dNgo/dn, where 5 = — In tar(9/2),is related to
the entropy density at freeze-out It has been demon
strated that the growth with energy of dN,s/d7 at mid
rapidity is modest compared 10 the original expectations
11,21 and provides a strong constraint on the initial state
parton density and further partick production during the
subsequent evolution of the system. This Letter focuses on
particle production away from midrapidity, which con
sirains the collision dymamics more complete

wve measured the pseudorapility distribution of
charged particles. dNp/d7, over a browd range of 7 for

TACS mumben 2675 D

duction with encrgy in these collisions. The duta were
taken using the PHOBOS apparatus 3] during the year

000 and year 2001 runs of the Relativistic Heavy fon
Collider (RHIC) at Brookhaven National Laboratory. The
apparatus wsed in this analysis comprises 4 set of silicon
detectors covering jaj < 5:4, which are used for detecting
the churged particles, and plastic scintillator counters,
covering 3< jgj < 4:5, used for triggering.

The pseudorapidity densities dN/d# were corrected
for particles which were absorbed or produced in dead
material and for feed-down products from weak decays of
newtral sirange partickes. More details of the analysis
procedures leading to the charged particle pseudorapidity

found in Ref. [4]. the
handling of common-miode naise in the silicon detectors
have been implemented for this analysis, leading 10 small
chunges in the resalts ard 1o improved systematic errors.
First, the event by event common miode noise in the ring
detectors (30 < j7j < 5:4) was fourd w0 grow with pad

found that the cross section for hadron production at py of  tra as & function of collision centrality, we can control the
15 10 5 GeV=c rises fuster than the nuclear size A [l effective thickness of nuckar matter traversea by the
This observation. which is commaonly called the Cronin  incomving partons.
elffect, hus been described as the result of initial state data were collected using the PHOBO:  o-arm
mutipie scaieing leading 03 bradening of the Py magneic specmmter [131 The spectmmesr arms are
distribution [2] cach equipped with 16 layers of silicon sensors, providing
T i e g it chirged particle trucking buth outside and inside the 2 T
higher energies is motivated by results from Au + A field of the PHOBOS magnet. Additional silicon detectors

0723021 K3LHMT=03HUDAT2H02AS2000 & 203 The American Physical Sociery 0723021
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Au + Au collisions at a variety of collision cemrulities
(impact paramegers). These measurements were mad for  this effe
thees cogies,

lawing for  eclsble symematie sty of pericle o

0523031 31 G703 9US)DS2H03ASH000  © 2003 The Americun Physical Suciety

size, and the correction scheme was modified 1o include

This refinement was already in place in

Rel. 121 Second, for very high occupancies. the commion
de nuise correction in the octagon detector (j7j < 3:2)
becomes slightly inaccurate. The more highly sexmented

152303 1
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Charged hadron transverse mgmentum distributions in Au+ Au
collisions at = Syn = 200 GeV
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c of the charged particle multiplicity near midrapidity in Aug Au

Centrality depend
ons at YiynA 130 und 200 GeV.
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We present he i asorement of the prendocapidy ey of primacy churged puticle in A |
Aw calliions a1 P 00 GeV. For the §% most central collsions, we obtain dNen/dh g 1 =
6506 35(ys1). Compared to callixions a1 * 3oy = 130 GeV., the highest enengy sindied r«mm,
anm increase by & factor of 1.14 6 005 at 90% coniidence level. i found The encrgy dependence
of the premdorapidity density is disciesedd in comparson wih data from proton-induced collions and
theoretical predictions
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Collisions of gold nuclei at  znergy of P ing processes, which cun be calculated using perturbitive
200 GeV’ have beén suudied s “he PHOBOS detector.  QCD, and soft processes. which are reatel by phicmonc
PHOBOS is one of the experiments a the Reluivistic  logical models that describe the nonperturbative secior of
Heavy-Lon Collider (RHIC) a Brookhaven National Labu With increasing collision energy, hard pr
raory simed 4t understamding ... behavior of strongly  are expected o contribute an increasingly lurger fraction
meracting matter at high emperature and density. Quan.  of partcke production near mideapidity compared 1o soft
wum chromodynanics (QCD), the fundamenial theory of  processes.
Strong,interactions, predicts that under these conditions,  For Au 1 Au collisions ut RIIC energies, the yield
Which may be probed in heavy-ion collsions, 4 ne and momentum distribution of particles prosuced by hard
of mter will be fomed, the gk gluon pla atering processes may be modified by “jet quenching;
In this state, quarks and gluons are no longer confined

inside hadrons, as is the case fcr ~omual muclear mattr.
Information about the particle and energy density achieved
in the carly stages of the collision process is carried by
the pseudorapidity density of particles emitied {rom the
primary collision point [2]. In this analysis, we have de
termined the preudorapidity density of changed particles,
dNn/dh,in the most central Au 1 Au collisions. We fo-
cused in particular on the region near h = 0, where h =
2 Intan(u/2) and u is the polar angle from the beam axis.

In combination with resalts from lower energics, these
datapermit a systematic analysis [ particle production
mechanisni in nuclgys mucleas collic’ =s. Extension of
the enerzy range (0 ¥ Ty = 200 GeV allows a study of
the relative comnbutions of had parton parton scalter

clear medim [3]. This pheno
as 4 diagnostic tool for charactenizing the initial parton
density in Au 1 Au collisions a these encrgies. Prelimi
P results indicate that in central At 1 Au collisions at

= 130 GeV' the particle speciru at large transverse
moments, nomnalized 0 pp collisions, indecd change in
m“mm with Jower collision energies [4],

for

densiy varied by more than & factor of 2, as shown in
151. Data on the gy b ch(d ,nmm ensiy AN/
dhjj, 1 at energies of 56 and 130 GeV [6] have
boen Analysed in 3 wide varisly of llnmmnl models
[7-14]. Generally, most models allowed a reasonable
description of the enengy dependence of dNen/dhjjn, 1
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T churabparicie rewkapidty iy e /dh has been measored for A1 Au collisions
T = 130 GeV a RIIC, ming the PHORDY spparite. The vl samber o e parils
Prdcad for the 3% maos-cenial A 1 An ollions for 1) # S4 s found o be 42006 4
Febuion of o/ dh wah conralty i s, s cormpured 0 k] abnltons and 0 el
protonsinduced collisions. The data show an enhancement in charged-particle production at mideapid-
ity, while in the frg  tion regions, the resulls are consisient with expectations from pp and A
scattering.

DOI 101103 PhysKes L7 102303 EACS mamben 2575

Nouceus e collsons i gty el costgiesThe data or dNonfdh iy Oy (.n.,

from the Relauvistic Hea
4 new opportanity to study strongly interacting matier un- 130 GeV [1] are in reasonable 4

v lon Collider (RHIC) present  the most central Au 1 Au wlhs hons at

nent wuh the ,-mx.c

Cullisions of gobl wuclei 3t the relatvistc bes
Inder (RHIC) st ygo= 2 neans 1o study
Strongly imeractins matter a1 igh densities and

tures. The goal is to ereate 4 buge-volume. hng-fived stae
within which quirks and ghuons are no konger confined
it o the spaark-ghoon plasina The tole of the col-
Gt gty ly eemising the il o g

pera-

iy e provin i Such collions. Wh tan study i by
means of the midrapidiy charged particle wakiphcity as 2
function o the number of wuckoms that paticipate n the
colision. Ny, Measurements of projon-mickeus reactivns
at lower endrgies [1] suggested that the
from soft production mechsuismis should 5
(2], With increasing energy. however. one migiit expest
ponent of particle.production 10 depewd on the
namber of binary collisions. due fo the icreasiug role of
3 rocetses (et o ot plaction. I e ol
sions, (V) =(N,. aking these systems quite suil-
e for somlyi, he toplay betweeh the various effcts,
Nucleac collisions a1 RHIC also provide an oppostinity (o
study quantum chromodywaniics (QCD) in a wovel regimne
where o densitis are Digh snd the stromg coupling cou-
suclta egrae. ghion dewsities can be Lrge
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cnongh that the ghions recombine. This results i a saturatio
uf the gluon stracture function 3t low Bjorken x, cliaracter-
ized by 3 momentun scale Q. beknw which the color fiekls
appear dense 1o 2 high-energy probe. Since the parton den-
Sities i the initial stage of the collision can be related 1o the
ousity wi prostuced ladrows i the fival state. definie pre-
dictions are pussile regarding the maltiplicny of charged
paticles s a function of evergy and centrality (3}

A recent extension of the calcubtions by Kharzeev and
Levin [4] has given predictions of the energy. rapidity, and
centrality dependence of the charged paticle multiplicity

data 0
the proton structure al very low x. [S]). OF primary impor-
tance in this treataent is the exponent X, which p.m.mm
the energy dependence of the ssturation scale as Q7= (V)™
Kharzeev aund Levin use this 1o predict that the energy de-
pendence for .m,,mq will also scake as () at high en-

engies. Furthermore, they predict that the higher evergy col-
Tieions allow events with iege ingact paramete 10 be o the
saturation re affects the malipicity from periph-
cal events more than for central events, which already have
sulficient parons density a1 lowes energies. Ths, they predict
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der conditions of very high lemperature and energy den
sity, Data from central Au 1 Au eollisons at energies
of PTg = 56 and 130 GeV [1] b-e shown an increase
in midrapidity particle production over thit observed in
Pb 1 Pb collisions at the CERN SPS 1. In adition, the
charged partcle yiehs. when scaled by the namber of par
tcipating nucleons (Nyn). exceed il values observed in
proton proton collisions at similar © Sy, These resuls
have begp used 10 infer an energy density 4t the highest
value of ¥ S that s considerably larger than was achieved
at CERN, and which is well within the region where new
physics is o be expected.

The disinbation of dNen/dh over the entire range of
pseudorapidity h, where h = 2 In{tan(u/2)] and u is the
angle with respect (0 the beam, represents  time integral
of particle production throughout 1, allision, and reflects
all effects that contribute o the production of charged
licTe. Tn adiion 1 the infisence o th hard and saft
production processes, dNg,/dh is sensitive to nuckear of-
fects in the initial parton distributions, s well as from
hadronic reinteractions in the final state
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s of + mber of medels nchuding HING 131, 4 ans
ration model (EXKT) [4], and purely hadronic models (e.g..
LUCHTR [561). The centrality dependence of dNgy/dh
a midrapidity has also been measured [7.X]. These lat
ter results suggest some deviation from both the HUING
and EXKT model predictions, although they are in browd
agreement with the results of caleulations by Kharzee and
Nan (9].

An extension of the measurements of dNen/dh data
beyond midrapidity, for & range of impact parameters,
is necessary to further consirain models. I is also of
interest 10 determine whether the observed scaling of
the charged-particle yield with Ny at midrapidity is

fied at large vales of h where, in proton-nucleus
(PA) collisions [10-12], rescattering, stopping, and
target fragmentation influence the shape of the dNon/dh
dsirbuions. [n onder Lo addess these questions, we
e wedthe PHOBOS apparatus to measure the
charged particle pseudagapidity density dNes/dh =
Aul Au mﬂm(n at T = 130 GeV over the range
ihj. 54
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Filled With Many  Exciting Discoveries
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